Acari are responsible for millions of dollars worth of damage each year as a result of infestations of animals, plants and man. They directly affect our health and prosperity as animal and plant parasites, vectors of disease, and producers of allergens. The indiscriminate use of pesticides has quickly induced resistance in many parasites. At present, the control of acarid parasitic diseases in agriculture, human and veterinary medicine is mainly based on the use of drugs; and for this reason the lack of effective drugs often prevents the control of some parasitic diseases, making them more serious and important. The use of commercial drugs involves many problems, besides the drug-resistance shown by the most important parasites. Environmental damage and the toxicity of many synthetic drugs, represent the main problems that strongly limit drug use. In addition, drug residues in plant and animal food products are important reasons for further economic losses for farmers and must be regarded as potentially hazardous to man and the environment. Plant-derived compounds are generally more easily degradable and could show a smaller negative environmental impact with respect to synthetic drugs. For these reasons, the evaluation of the antiacarid activity of plant extracts is increasingly being investigated in order to obtain new leads, as demonstrated by recent studies that have evaluated and confirmed the effectiveness of many plant compounds on bacteria, fungi, protozoa, helminths and arthropods. This review will be limited to the class Arachnida, sub-class Acaridi, particularly to their control in agriculture, veterinary and human medicine using natural methods.
Mites and ticks, collectively known as the Acari, are of interest to humans for a variety of reasons. They affect our health and well being directly as plant, animal and human parasites, vectors of disease, and producers of allergens. The Class Arachnida, to which the order Acari belongs, together with the Classes Insecta, Crustacea and others, constitute the Phylum Arthropoda. All the classes contain species useful to man, but also many pests that are responsible for millions of dollars worth of economic losses each year as a result of infestations of animals, man and plants. This review will be limited to the order Acari, particularly to their control with natural methods in agriculture, veterinary and human medicine. This report follows and upgrades the previous one [1] . ____________________________ ¶ For Part 1 see Ref. 1 The indiscriminate use of inorganic pesticides destroyed many harmless species, including natural enemies of these mites and ticks [2] . After organochlorine and organophosphate pesticides were introduced, resistance was quickly acquired by many arthropod parasites, including acari; fortunately many useful predatory mites became resistant too. The emergence of resistance to parasiticides is one of the most serious challenges faced by man. Perhaps it is the simplicity of treating parasite attacks with either very effective drugs or pesticides on a routine basis, and the proven cost-effective gains in productivity that accrue in the short term, that has led to the predominance of synthetic pesticides [3] . Broadly speaking, resistance is the ability of the parasites to survive doses of drugs that would normally kill them at the same stage of development. The resistance is inherited and selected because the survivors of the Flamini pesticide treatment pass the genes for resistance on to their offspring. Drug susceptibility is a resource that needs to be preserved, using appropriate techniques of parasite management. The application of synthetic chemical substances is still the common method to either control or eradicate parasites of plant and animals, but many acaricides have non-specific properties, affecting other organisms (crops, nonvertebrates and vertebrates). Plants are the richest source of organic compounds on Earth, many of which are endowed with pesticide properties.
In veterinary medicine, the control of ectoparasites is of great importance due to their effects on livestock profitability and the health status of animals. Infestations of livestock can cause intense irritation, leading to poor condition, weight loss, reduced milk yield, and hide and fleece damage. Furthermore, many species of acari are responsible for transmission of diseases either to the host animals themselves or act as vectors of a number of diseases to humans [4] .
Apiculture
During the 90s, several cases of resistance of Varroa mites (Acari: Varroidae) to common acaricides employed in beekeeping were reported from different countries [5] [6] [7] [8] . In Italy, the consequences of the resistance led to disastrous colony losses. Available statistics show that in certain districts, losses often exceeded 70% and, in some locations, even reached 90% [9] . Varroa mites suck the body fluids from adults and brood, preferring the latter, especially the drone brood. The problem of developing suitable treatments was difficult in the case of the Varroa mites because most substances effective against the parasites have unacceptable side effects on bees. Since the creation of the EU Varroa experts' group, several lines of research in alternative control measures have been explored: apicultural techniques for reducing the number of mites, increasing bee resistance, and searching for acaricidal products that are generally recognized as safe for humans, such as some natural derivatives [10] . Many natural compounds have been evaluated for their effectiveness against Varroa mites [1] . During the five-year period employed in this review, some papers have described the use of simple carboxylic acids, such as formic [11] [12] [13] [14] [15] [16] and oxalic [17] [18] [19] acids. Their efficacy has been known since 1980 [20] . Furthermore, a paper has appeared in the literature [21] about two different formulations of thymol, a well-known varroacidal agent, The main goals of this study were to determine their effectiveness against V. destructor in an apiary in Sardinia (Italy), taking into account natural mite mortality in control hives and, simultaneously, to determine the persistence of both formulations and residues in honey and wax. Both thymol formulations, after the treatments, reduced significantly the levels of mite infestations of adult bees and sealed brood, but their efficacy, expressed as percentage of mortality, was lower for both products than the efficacy previously obtained with the same products under other experimental conditions. The residues were relatively higher in wax than in honey, because of the lipophilicity of thymol.
Other monoterpenes seem to be valuable as control agents for this mite, both in laboratory assays and in field treatments. The most active ones were linalyl acetate, myrtenyl acetate, perillyl acetate and thymyl acetate. In the field trials, all four monoterpenoidtreated groups were statistically significantly different from the control group in reduction of V. destructor infestation, yielding a 51-64% reduction of the mite when compared with the control group [22] . In an Argentinean study, the repellent and acaricidal effects of some essential oils from the most typical wild plant species from the northern part of the country were evaluated against V. destructor, using a complete exposure test. The lowest LD 50 values for mites were registered for Acantholippia seriphioides (1.27 μL per cage) and Schinus molle (2.65 μL per cage) after 24 hours and for Wedelia glauca (0.59 μL per cage) and A. seriphioides (1.09 μL per cage) after 72 hours of treatment [23] .
Veterinary and Human Medicine
(a) Ticks: Particularly in the tropics, but also in many other countries, arthropod-borne diseases are among the major limiting factors to the efficient production of livestock and poultry. These diseases cause weakening, lameness, blindness, wasting, congenital defects, abortions, sterility, and death of the infested animals. Some exotic arthropod-borne diseases of livestock are zoonotic and affect humans as well as animals. Some of the most devastating of all animal diseases caused by arthropod-borne blood protozoa, include babesiosis of cattle, sheep, goats, horses, and swine; theileriosis, the East Coast fever syndrome, and Mediterranean fever; the trypanosomiases causing illness in cattle, sheep, goats, camels, pigs, dogs, and many wild game Natural Acaricides Natural Product Communications Vol. 1 (12) 2006 1153 species; as well as several arthropod-borne protozoa that cause diseases of birds. The most prominent groups of arthropods that transmit etiological agents pathogenic to livestock are those that are hematophagous, such as ticks. The tick-borne diseases they transmit are among the most significant animal health deterrents to efficient livestock production. Ticks are obligate ectoparasites of vertebrates and they parasitize all vertebrate groups, except fishes.
The family Ixodidae comprises approximately 80% of all tick species, with the most economically important ixodid ticks that attack livestock in tropical regions belonging to the genera Amblyomma, Boophilus, Rhipicephalus and Hyalomma. Ixodes scapularis L., the black-legged tick, is the primary vector of disease-causing agents in humans in North America, especially Lyme disease, human granulocytic ehrlichiosis, and human babesiosis. Among the various strategies that have been considered for their control, one is the use of tick pheromones to facilitate targeted delivery of acaricides in the ticks natural habitat. Ticks use many different pheromones to regulate their behavior, especially for sexual activity. Some cause assembly, a type of behavior known as arrestment, defined as the cessation of kinetic activity. The chemical composition of the arrestment pheromone of I. scapularis has been identified so that it can be used as an aid in tick control [24] . The isolates that caused the arrestment were characterized as guanine and xanthine. The strongest responses were found when hematin was also present. These substances were used to formulate a preparation containing a mixture of pheromones and acaricidal substances, such as DEET (N,N-diethyl-m-toluamide) and permetrin. In this way, the efficacy of the acaricides was enhanced.
In further searching for alternative methods of reducing Lyme disease, the activity against I. scapularis nymphs was determined of 15 natural products isolated from the essential oil components extracted from the heartwood of Chamaecyparis nootkatensis. Nootkatone was the most effective eremophilane sesquiterpene, with an LC 50 value of 0.029 mg/mL. Residual LC 50 values for nootkatone did not differ significantly at 4 weeks post-treatment from the observations made after the initial 24 hours treatment. Among nymphal tick repellents, the most active compound was valencene-13-ol, with a repellent dose (RD 50 ) of 0.03 mg/mL at 4 hours, compared to 3.8 mg/mL for DEET. The ability of these natural products to kill and repel ticks at relatively low concentrations may represent a future alternative to the use of synthetic pesticides [25] .
Boophilus species are one-host ticks, which occur in all tropical and sub-tropical regions of the world, where they feed preferably on cattle. They are the main vectors of Babesia species, B. bovis and B. bigemina, causing babesiosis in cattle. Boophilus ticks, together with many other tick species, also transmit Anaplasma marginale, the rickettsia that causes anaplasmosis of cattle on all continents. The naturally occurring avermectins and milbemycins are fermentation products of actinomycetes in the genus Streptomyces. They are 16-membered, macrocyclic lactones, which have structural similarities to antibacterial macrolides and antifungal polyenes, but lack their antifungal and antibacterial activities and do not inhibit either protein or chitin synthesis [26] . Milbemycins, first described from a culture of S. hygroscopicus, are structurally similar to the avermectins, but lack the disaccharide substituent at C13 [27] . Mishima et al. [28] first reported the acaricidal activity of milbemycins. Moxidectin, a synthetically modified milbemycin derived from the fermentation product nemadectin [29] , is used for insect and helminth control in animal health applications. Since 2001, only one paper about the use of moxidectin against this tick has been published [30] . It works like other macrocyclic lactones opening chloride channels in the nerve cells, causing paralysis. The macrocyclic lactone, moxidectin has a broad-spectrum activity against important internal and external parasites of cattle, including ticks [31] [32] [33] . The efficacy of a 1% injectable formulation of moxidectin at the dose of 0.20 mg/kg body weight by subcutaneous injection was greater than 95%. Furthermore, there was no evidence of either any local or systemic adverse reaction in treated animals and all cattle remained healthy throughout the trial period. For rapidly screening many compounds, a larval immersion microassay that offers superior sensitivity and flexibility to accommodate multiple formulations has been developed using the tick Amblyomma americanum (L.). This assay proved suitable for the identification and characterization of active molecules from natural product libraries, and it can be a useful tool to prioritize molecules for further in vivo testing in animal models [34] .
(b) House dust mites:
The term "house dust mites" is applied to a large number of mites found in association with dust in dwellings. Unlike some other Flamini kinds of mites, house dust mites are not parasites of living plants, animals, or humans. House dust mites primarily live on dead skin cells regularly shed by humans and their animal pets. Skin cells and squames, commonly called dandruff, are often concentrated in parlor and sitting rooms, mattresses, frequently used furniture and associated carpeted areas, and may harbor large numbers of these microscopic mites. For most people, house dust mites are not harmful. The medical significance of house dust mites arises because their microscopic molted skins and feces, being major constituents of house dust, induces allergic reactions in some individuals. For those individuals, inhaling the house dust allergen triggers either rhinitis or bronchial asthma. Expert panel reports and position statements from the European Union, the US National Heart, Lung and Blood Institute (NHLBI), and the American Academy of Allergy, Asthma and Immunology (AAAAI) have recommended dust mite allergen avoidance as an integral part of asthma management [35] [36] [37] [38] . House dust mites belong to different genera and species; the main ones are Dermatophagoides pteronyssinus, D. farinae and Euroglyphus maynei (Acari: Pyroglyphidae). However, there is great variation in the acarid fauna of the different regions of the world. Dermatophagoides pteronyssinus (literally "skin-eating mites") is considered as the true house dust mite and has a cosmopolitan distribution. Together with D. farinae (=flour, also infests stored food), it accounts for 80-90% of the total mite population generally found in houses. No pesticides are currently labeled for house dust mites. However, some commercial products are available for treatment of house dust mites and their allergens. The active ingredients are benzyl benzoate and tannic acid.
Recently, a new daphnane diterpenoid, rediocide F, was isolated together with the known rediocides A, C and E, from the n-hexane extract of Trigonostemon reidioides roots by bioassay-guided fractionation using acaricidal activity on Dermatophagoides pteronyssinus. The structure of rediocide F was established as the demethyl analog of rediocide C. All the compounds exhibited potent activity against D. pteronyssinus with LC 50 values of 2.53, 0.78, 5.59 and 0.92 μg/cm 2 , respectively [39] . Three Uvaria species, namely U. klaineana, U. mocoli and U. versicolor were tested in vitro against D. pteronyssinus. The most active extracts were the crude methanol and n-hexane extracts of U. versicolor stems, with EC 50 values of 0.095 g/m 2 and 0.12 g/m 2 , respectively. The successive bioassay-guided fractionation of the n-hexane extract led to the isolation of benzyl benzoate, which exhibited an EC 50 value of 0.045 g/m 2 . A new flavanone, versuvanone, and the known oxoaporphine liriodenine were also isolated from this species and showed EC 50 values > 1.5 g/m 2 . A weak acaricidal activity (0.85 g/m 2 ) was observed for the dichloromethane extract of U. klaineana, due again to the presence of benzyl benzoate. U. mocoli extracts were inactive [40] . Other researchers tested the acaricidal activity of materials derived from the rhizome of Cnidium officinale Makino against T. putrescentiae adults using direct contact application and fumigation methods. The biologically active constituent was identified as butylidenephthalide by spectroscopic analyses. On the basis of 24-hours LD 50 values, the acaricidal activity of butylidenephthalide (5.80 μg/cm 2 ) was more pronounced than that of the standard drugs benzyl benzoate (9.75 μg/cm 2 ) and DEET (16.26 μg /cm 2 ). Butylidenephthalide caused lethargy in the treated mites, leading to death without knockdown, whereas benzyl benzoate and DEET caused death associated with uncoordinated behavior. In a fumigation test with T. putrescentiae adults, butylidenephthalide was much more effective in closed containers than in open ones, indicating that the effects of this compound was largely due to action in the vapor phase [41] . Among essential oils, those obtained from Pinus species revealed promising activity against T. putrescentiae. The oils obtained from P. pinea, P. halepensis, P. pinaster and P. nigra have been evaluated for their acaricidal activity by aerial diffusion. Among them, the oil from P. pinea showed the best activity (100% deaths, while those from P. halepensis and P. pinaster were partially effective only at the higher dose); and the dose of 8 μL showed a percentage of dead mites statistically higher than that of the lower dose. The main constituents of the essential oil of P. pinea branches were α-pinene, β-caryophyllene, myrcene, 1,8-cineole, and limonene. Of these, α-pinene, β-caryophyllene, and myrcene were ineffective, whereas 1,8-cineole and limonene showed 100% acaricidal activity at 8 μL. Only 1,8-cineole maintained 100% acaricidal activity, also at the lower concentration of 6 μL [57] .
Agriculture
Plant-feeding mites play important roles as agricultural pests of timber, fruits, vegetables, forage crops, and ornamentals. In many instances, lack of information about the correct identity of the mites, as Natural Acaricides Natural Product Communications Vol. 1 (12) 2006 1155 well as inadequate knowledge regarding their biology and ecology, have hampered our ability to combat effectively these mite pests. Their small size and cryptic appearance make mites difficult to detect, and thus infestations are often overlooked. Once established in a new area, certain biological characteristics allow rapid escalation to pest status. Miticidal compounds, as in veterinary and human medicine, cannot be toxic to the plant host and no harmful residues must be found in foods. Furthermore, in agriculture, an additional feature is requested: they must be devoid of undesirable effects on useful non-target organisms, like pollinators and predator arthropods
The main species are Tetranychus sps, Oligonychus sps (Acari: Tetranychidae), Phyllocoptruta oleivora, and Tegolophus australis (Acari: Eriophyidae). Among these, the two-spotted spider mite, Tetranychus urticae, a polyphagous pest, is probably one of the most dangerous for crops and ornamentals, particularly in glasshouses. Its high reproductive capacity enables it to cause serious damage in a short period. Furthermore, this parasite has developed resistance to many synthetic acaricides (see i.e. [42] [43] [44] [45] ), apart from the fact that many of these substances are toxic to useful non-target arthropods [46] [47] [48] .
Among promising plant species, Chenopodium ambrosioides var. ambrosioides has been evaluated. An emulsifiable concentrate (UDA-245), obtained from the essential oil was compared with commercially available pesticides for their effectiveness to control the adult stage and egg hatch of the twospotted spider mite, Tetranychus urticae and the European red mite, Panonychus ulmi. A 0.5% UDA-245 was more effective than 0.7% neem oil on adult twospotted spider mites. In the case of the European red mite, UDA-245 was as effective as 0.006% (AI) abamectin. Furthermore, UDA-245 at 0.5% significantly reduced egg hatch of the twospotted spider mite, 5 and 9 days after treatment, and of the European red mite 6 days after treatment. Egg hatch was significantly lower using 0.006% abamectin, 0.7% neem oil, and 1.0% insecticidal soap than UDA-245. Residual tests indicated that UDA-245 may be persistent in the environment only for a few hours. Only 23% mortality was noted when mites were introduced on bean leaves 1 hour after treatment with 2% UDA-245. At the recommended dose of 0.5%, UDA-245 was not considered to be phytotoxic to most plants tested, i.e., lettuce, roses, and tomatoes. Results suggest that a greenhouse integrated pest management program using UDA-245 could effectively and selectively control mite infestations by treating "hot spots", with negligible effect on biological control agents when treating before introduction or when natural enemies are absent [49] .
Other natural derivatives effective against Tetranychus urticae can be obtained from leaves of wild tomato species, Lycopersicon hirsutum, L. pennellii and L. pimpinellifolium. Crude chloroform, ethanol and n-hexane extracts of the leaves were tested for their antibiosis and for their repellency. The antibiosis was assayed as a 6-hours no-choice test. The method for repellency utilized a ring bioassay. Chloroform leaf extracts of L. hirsutum exhibited the greatest antibiotic activity, and the n-hexane extracts exhibited the greatest repellency. Among the major chemical compounds of the extracts, α-curcumene, α-zingiberene, β-caryophyllene, 2-undecanone, and 2-tridecanone were detected. Lethality of the extracts was mainly associated with the presence of high concentrations of 2-tridecanone, while repellency of extracts was mainly associated with the presence of β-caryophyllene [50] . Another useful plant genus that can control Tetranychus urticae is Taxus. T. cuspidata and T. media var. Hicksii contain paclitaxel, among other taxoids, on the surface of the needles. These compounds were extracted by 5 seconds dipping of the needles in water at 96°C, 60°C and 40°C. The extracts with the higher concentration of paclitaxel were more harmful to the mites, increasing their mortality, prolonging development and lowering the average fecundity [51] . The citrus red mite, Panonychus citri, feeds on leaves, fruit and green twigs of all Citrus species. The infestation can result in heavy leaf drop, twig dieback and even death of large limbs. Various natural derivatives have been evaluated against this pest. A recent investigation has suggested that Panonychus citri is the most common causative allergen in citruscultivating farmers with either asthma or allergic rhinitis. Citrus red mite is a common sensitizing allergen among children living around citrus orchards [52] .
It has been observed that spraying a Mikania micrantha alcohol extract on Panonychus citri could significantly decrease the survival rates of its eggs, larvae and nymphs. Furthermore, both the fecundity and the longevity of female P. citri fed on the leaves treated with M. micrantha alcohol extracts were significantly reduced. In a field experiment, the Flamini efficacy of M. micrantha alcohol extracts was compared with water, alcohol, and pyridaben, a widely used acaricide in commercial control of red mite in sweet orange orchards. The survival rates of P. citri eggs, larvae and nymphs in the treatments were lower than the control, and were better than the pyridaben treatment [53] .
Another study evaluated the acaricidal activity against this mite of a ginkgolic acid, 6-[(Z)-10heptadecenyl]-2-hydroxybenzoic acid, isolated from the external seed coat of Ginkgo biloba [54] . Laboratory bioassays showed that this compound possessed powerful contact toxicity, similar to that of pyridaben and significantly superior to that of omethoate. Furthermore, it showed a quick-acting acaricidal activity, and was much faster-acting than either pyridaben or omethoate.
It has been observed that in the Ageratum conyzoides intercropped Citrus orchards, the populations of Panonychus citri were reduced. This could be explained by increases in the population of the predatory mite Amblyseius newsami, an effective natural enemy of citrus red mite. In fact the study showed that A. conyzoides produced and released volatile allelochemicals into the air in the intercropped citrus orchard, and these volatiles influenced the olfactory responses of A. newsami and P. citri. It has been observed that A. conyzoides fresh leaves, its essential oil, and major constituents, demethoxy-ageratochromene, β-caryophyllene, αbisabolene, and (E)-β-farnesene, attracted A. newsami and slightly repelled P. citri [55] . To evaluate if some natural miticides were less toxic to useful arthropods than to phytophagous mites, some trials were conducted in apple orchards [56] . The European red mite, Panonychus ulmi, was the dominant and more harmful phytophagous species, followed by the apple rust mite, Aculus schlechtendali. Two predacious mites, Typhlodromus pyri, and Zetzellia mali, were often found in the orchards. Abamectin had favorable selectivity, being more toxic to the two phytophagous mites than to the useful ones.
Conclusions
The control of parasitic diseases is mainly based on the use of effective drugs, both in agriculture and human and veterinary medicine; for this reason the lack of effective drugs often prevents the control of some parasitic diseases, making them more serious and important. At present, however, the use of commercial drugs involves many problems that strongly limit their use: foremost, the drug-resistance problem shown by the most important parasites, the environmental damage and the toxicity of many synthetic drugs.
Since plant-derived compounds are generally more easily degradable and could show reduced environmental damage with respect to synthetic drugs, at present the evaluation of the antiparasite activity of plant extracts is being increasingly investigated, as demonstrated by recent studies that have evaluated and confirmed the effectiveness of many plant compounds on bacteria, fungi, protozoa, helminths and arthropods.
Perhaps human and veterinary medicine are the most suitable fields for a real application of natural drugs. Treatment of these pathologies is mostly topical, and particular drug-formulations are not required. Furthermore, generally only a few treatments are necessary to kill all the parasites. In agriculture, in spite of the studies performed to date, these substances are perhaps still far from their most effective use: their main useful feature, that is their biodegradability, is also their weakness. Often, many products are not able to persist in the environment for a period of time sufficient for pest control. Further studies are necessary to prepare better formulations that allow us to solve this problem. Other important future research topics should concentrate on the evaluation of the toxicity of these compounds, an unknown feature for many natural compounds.
